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    目的： 
    1.化疗药物诱导建立多株人肝癌多药耐药模型，鉴定其耐药性，比较亲本株
与耐药株生物学特点的差异。 
    2.检测人肝癌细胞亲本株及耐药株中 SP 细胞比例，探索耐药细胞与 SP 细胞
的联系。 
    3.检测人肝癌多药耐药细胞模型中 MAPK 表达情况，探索人肝癌细胞株中
MAPK 信分通路与多药耐药的关系。 
    4.检测人肝癌组织中 MAPK 与 MDR1 表达情况，探索人肝癌组织 MAPK 信
分通路与多药耐药的关系，以及 MAPK 在肝癌组织中的表达情况。 
    方法： 





    2.荧光显微镜计数淡染细胞，流式细胞仪分析、分选 SP 细胞，无血清培养
观察细胞生长特性，侵袭实验、划痕实验检测 SP 细胞在侵袭、迁移方面的能力。 
    3.RT-PCR 和 Western Blot 检测 MAPK 信分转导系统中 ERK1、ERK2、ERK5、
JNK1、JNK2、P38α等基因转录及表达。 
    4.制作组织芯片，免疫组化检测 MDR1 蛋白表达水平，石蜡包埋组织中提取
RNA，实时定量 PCR 检测 MAPK 细胞信分通路基因表达水平。 
    结果： 
    1.诱导得到六株细胞系。与亲本株相比，耐药株耐药指数均大于 5，对多种
化疗药耐受性增强，耐药基因、耐药蛋白表达上调 2～10 倍，并以高浓度冲击法














体外侵袭能力增强 1.3～2.5 倍，ADM 干预后，凋亡率减少 50%以上。 
    2.人肝癌细胞亲本株SP细胞比例 低，低浓度缓升诱导组SP细胞比例 高，
高浓度冲击诱导组 SP 细胞比例居于两者之间。 
    3.人肝癌耐药细胞株 MAPK 信分转导系统中不同基因和蛋白表达量均有不
同比例升高，ERK1、ERK2 升高明显。 
    4.肝癌组织 MDR1 耐药蛋白阳性率达 85%以上，但 MDR1 含量与细胞分化
程度无关。肝癌组织 MAPK 基因和 MDR1 蛋白表达水平高于癌旁组织。肝癌组
织 MAPK 基因表达水平与 MDR1 蛋白表达水平相关系数 0.35～0.49，MAPK 基
因之间表达水平相关系数 0.17～0.83；MAPK 基因表达水平与细胞分化程度不相
关。 
    结论： 
    1.ADM 能够诱导多株人肝癌细胞产生多药耐药性，导致细胞增殖活性升高、
细胞周期改变、抗凋亡能力及侵袭能力增强。 
    2.耐药细胞与 SP 细胞存在一定联系，耐药诱导可能可以起到富集 SP 细胞的
作用。 
    3.人肝癌多药耐药细胞模型中，MAPK 激酶系统表达上调与多药耐药有一定
关系。 
    4.人肝癌组织 MDR1 耐药蛋白表达水平明显高于癌周组织，但 MDR1 含量
与细胞分化程度无关；MAPK 基因表达水平与 MDR1 蛋白表达水平正相关；
MAPK 基因之间表达水平存在正相关；MAPK 基因表达水平与细胞分化程度不
相关。 















    Objective 
    1.To induce poly multidrug resistance (MDR) cell models from human 
hepatocellular carcinoma (HCC) cell lines by chemotherapy drugs, and characterize 
their resistance ability. Compare the differences of biological characteristics between 
human HCC resistant and parental cells.  
    2.To detect the proportion of side population cells between human HCC resistant 
and parental cells. Preliminarily explore the relationship between side population cells 
and resistant cells. 
    3.To detect the expression of Mitogen- activated protein kinase (MAPK) cell 
signaling pathways in human hepatocellular carcinoma (HCC) resistant cells. 
Preliminarily explore the relationship between MAPK and multidrug resistance (MDR) 
gene in human HCC. 
    4.To detect the expression of MAPK and MDR1 in human HCC tissues. 
Preliminarily explore the relationship between MAPK and multidrug resistance (MDR) 
gene in human HCC, and the expression of MAPK in human HCC tissues. 
    Methods 
    1.Cellular morphology and biological characteristics of all the cell lines were 
determined by microscopy and cell counting. Drug sensitivity was monitored by ATP 
bioluminescence and MTT assay, and resistance indexes (RI) was calculated. MDR 
mRNA and protein expression were investigated by reverse transcription polymerase 
chain reaction (RT-PCR) and immunohistochemistry (IHC). The cell proliferative 
activity was evaluated by IHC. Flow cytometry (FCM) was employed to detect cell 
cycle, and to access cell apoptosis rate. Cell invasion in vitro was accessed by 
transwell assay. Many differences between parental and resistance cell lines were 
compared.  














were analysed and sorted by FCM, cellular morphology and biological characteristics 
were detected after serum-free culture with seroculture. Invasive capacity and 
migration ability was access by invasion and scuffing assay. 
    3.RT-PCR and Western bolt (WB) were performed to appraise the MAPK 
associated gene and protein expression on these cell lines, such as erk1, erk2, erk5, 
jnk1, jnk2, p38α. 
    4.Tissue chips were prepared, and MDR protein expression were investigated by 
immunohistochemistry (IHC). RNA were extracted from Formalin Fixed and Paraffin 
Embedded Tissue (FFPET), then realtime polymerase chain reaction (RT-PCR) was 
performed to appraise the MAPK associated gene expression. 
    Results 
    1.Three different human HCC cell lines, Hep G2, SMMC-7721, BEL-7402, were 
exposed to high concertration of adriamycin (ADM) intermittent, or stepwise 
increased ADM gradually, and the corresponding new sublines were established. 
Compare to parental cell lines, resistance index (RI) of all the resistant sublines 
presented more than five against ADM manifesting multidrug resistant characteristic, 
the sublines resulting from high dose exhibited more resistant feature. These new cell 
lines grow and propagate normally in medium supplemented with ADM. MTT assay 
showed that these sublines were resistant to not only ADM, but also other 
chemotherapy agents. Furthermore, all the resistant cell lines had some changes in 
biological characteristics, two to ten times overexpression of MDR mRNAs and 
proteins were detected in which high drug dose groups also win more significant 
changes. Multidrug resistance was proved in all the resistance cell lines. The cell 
proliferative activity was more than twenty times up-regulated in these lines, cell ratio 
of S and G2-phase was significantly decreased while G1-phase increased, cell 
invasion in vitro was 1.3 to 2.5 times up-regulated. Apoptosis rate has decrease by 50 
percent after ADM intervention.  
    2.The lowest of SP proportion was from parental cell lines, high drug dose 
groups came after it, and low drug dose groups was the highest. 














different rate, especially erk1 and erk2.  
    4.The expression of MDR1 protein won more than 85% positive rate while it had 
nothing to do with cell differentiation. Compared to peri cancerous liver tissues, the 
expression of MDR1 protein and MAPK genes had obviously increased. Correlation 
coefficient of the expression between MAPK genes and MDR1 proteins was from 
0.35 to 0.49, correlation coefficient of the expression between MAPK genes was from 
0.17 to 0.83. The expression of MAPK had nothing to do with cell differentiation. 
    Conclusion 
    1.ADM could be used for multiple MDR cell induction, with up-regulated cell 
proliferative activity, cell cycle alteration, strengthened anti-apoptosis effect and 
enhanced invasive ability.  
    2.The resistant cells mignt be associated with SP cells. Cell induction might be 
used to SP cell enrichment. 
    3.In the human HCC MDR cell model, MDR might be related to the upregulated 
of MAPK signal system. 
    4.The expression of MDR1 proteins was raised in HCC tissues compared to peri 
cancerous liver tissues, while it had nothing to do with cell differentiation. The 
expression between MAPK genes and MDR1 proteins win significant positive 
correlation. The expression between MAPK genes win significant positive correlation, 
too. The expression of MAPK had nothing to do with cell differentiation. 
















缩略词 英文全称 中文全称 
5-FU 5-fluorouracil 氟尿嘧啶 
ABC ATP-binding cassette ATP 结合盒 
ADM Adriamycin，Doxorubicin 多柔比星，阿霉素，亚德里亚霉素
APS Ammonium persulfate 过硫酸铵 
ATP Adenosine triphosphate 腺嘌呤核苷三磷酸，三磷酸腺苷 
BCRP Breast Cancer Resistance Protein 乳腺癌耐药相关蛋白，ABCG2 
BLAST Basic Local Alignment Search Tool 碱基局部对比基本检索工具 
bp Base pair 碱基对 
BSA Bovine Serum Albumin 牛血清白蛋白 
CCD charge coupled device 电荷耦合元件 
cDDP Cisplatin，cis-diaminodichloroplatinum 顺铂 
cDNA Complementary DNA 与 mRNA 互补脱氧核糖核酸 
Ct cycle of threshhold 循环阈值 
CTX Cyclophosphamide，Endoxan，Cytoxan 环磷酰胺 
DAB Diaminobenzidine 3，3-二氨基联苯胺 
DEPC Diethylpyrocarbonate 焦碳酸二乙酯 
DMEM Dulbecco’s Modified Eagle’s Medium DMEM 培养基 
DMSO Dimethyl Sulfoxide 二甲基亚砜 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
dNTP Deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
ECL Enhanced chemiluminescene 化学发光自显影 
EDTA Ethylene Diamine Tetracetic Acid 乙二胺四乙酸 
EGF Epidermal (epidermic) growth factor 表皮生长因子 
EPB Epirubicin 表柔比星 














FACS Fluorescence activated cell sortor 荧光激活细胞分离器 
FBS Fetal bovine serum 胎牛血清 
FCM Flow cytometry 流式细胞分析 
FFPET 
Formalin Fixed and Paraffin Embedded 
Tissue 
福尔马林固定后石蜡包埋组织 
FGF Fibroblast growth factor 碱性成纤维细胞生长因子 
FITC Fluorescein isothiocyanate 异硫氰酸荧光素 





GST Glutathione S-Transferase 谷胱甘肽 S-转移酶 
HBSS Hank's Balanced Salt Solution Hank’s 平衡盐溶液 
HCC Hepatocellular Carcinoma 肝细胞癌 
HE Hematoxylin-eosin 苏木素-伊红 
HRP Horseradish Peroxidase 辣根过氧化物酶 
IC50 50% inhibiting concentration 半数抑制浓度 
IHC Immunohistochemistry 免疫组织化学染色 
IOD Integrated Optical Density 平均光密度值 
JNK c-Jun N-terminal kinase c-Jun 氨基末端激酶 
kb(p) kilo base（pair） 千碱基对 
KD Kilo dalton 千道尔顿 
LRP Lung resistance related protein 肺耐药相关蛋白，MVP 
MAb Monoclonal antibody 单克隆抗体 
MAPK Mitogen-activated protein kinase 丝裂原活化蛋白激酶 
MDR Multi-drug resisitance 多药耐药 
min Minute 分钟 
MMC Mitomycin C 丝裂霉素 C 
mRNA Messenger RNA 信使核糖核酸 



















MTX Methotrexate 甲氨碟呤 
OD Optical Density 光密度 
Oligo(dT) Oligo deoxythymidylic acid 寡脱氧胸苷酸 
PAb Polyclonal antibody 多克隆抗体 
PAGE PolyAcrylamide Gel Electrophoresis 聚丙烯酰胺凝胶电泳 
PBS Phosphate-Buffered Saline 磷酸盐缓冲液 
PCNA Proliferating Cell Nuclear Antigen 增殖细胞核抗原 
PCR Polymerase Chain Reaction 聚合酶链反应 
P-gp p-glycoprotein p-糖蛋白 
PI Propidium iodide 碘化丙啶 
PI Proliferation index 增殖指数 
PKC Protein Kinase C system  蛋白激酶 C 
PPC Peak Plasma Concentration 血浆峰值浓度 
PS Penicillin-Streptomycin 青-链霉素 
PTX Paclitaxel 紫杉醇 
PVDF Polyvinylidene Fluoride 聚偏二氟乙烯 
qRT Real-time quantitative 实时定量 
RI Resistance index 耐药指数 
RNA Ribonucleic Acid 核糖核酸 
Rpm Rotation per minute 转每分钟 
RPMI 
1640 
Roswell Park Memorial Institute 1640 
media 
RPMI 1640 培养基 
RT Reverse Transcription 逆转录 
SDS Sodium dodecyl sulphate 十二烷基磺酸钠 
SFC Serum-free culture 无血清培养 
SP side population cells 边缘群细胞 














Taq Thermus-aquaticus DNA polymerase 耐热 DNA 聚合酶 
TBS Tris Buffered Saline 三羟甲基氨基甲烷缓冲盐水 
TEMED N，N，N，N-tetramethyl ethylene diamine 四甲基乙二胺 
Topo topoisomerase 拓扑异构酶 
Tris Tris(hydroxymethyl) aminomethane 三羟甲基氨基甲烷 
VCR vincristine 长春新碱 
VP-16 etoposide 足叶乙甙，依托泊苷，鬼臼乙叉甙
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